Background and Aims The genetic and morphological consequences of natural selection and selective breeding are explored in the genus Abelia. The genus consists of ornamental shrubs endemic to China, which have been bred to create attractive and diverse cultivars.
INTRODUCTION
Polyploidization and hybridization are among the most important forces in the evolution of higher plants, and at least 25 % of the plant species are involved in hybridization and introgression with another species (Mallet, 2005 (Mallet, , 2007 . Hybrids combine different genotypes and generate phenotypic traits that are often intermediate between their parents, and that in turn are often used as evidence for hybridization in morphological analyses. If backcrossing with one or both the parental taxa occurs repeatedly, i.e. introgression occurs, the parental taxa successively incorporate parts of the genome from the other taxa involved in hybridization and further increase the number of morphological transitions between the species as demonstrated in other studies (Rieseberg, 1997; Hardig et al., 2000) . Uncovering hybridization and introgression is important to reveal the origin of species and to obtain insights into the processes behind the intraand interspecific variability. Selection but also hybridization and introgression have been the main driving forces behind the horticulture industry and still play an important role today.
Abelia is a genus endemic to China with between three and 15 taxa, depending upon which circumscription is followed. Three species are widely accepted Abelia chinensis and A. forrestii with a calyx of five sepalss as well as A. uniflora with a calyx of two sepals (Hsu et al., 1988) . A total of 25 names have been published, with most taxa belonging to species complexes and intermediate forms between the previously cited taxa.
Abelia is widely distributed across much of China. Its range is restricted in the north by the Qin Ling Range, in the west by the deep valleys of the Qinghai-Tibetan plateau, in the east by the East China Sea reaching the Ryukyu Islands and to the south reaching the Mountains of Northern Vietnam. The species are distributed in a wide array of habitats (roadsides, woodlands and scrublands) restricted to mountains, deep valleys and hills, gradually increasing in diversity from west to east.
An initial aim of breeders was to make A. chinensis cold tolerant by crossing it with taxa thought to originate from colder areas in China. This first breeding gave rise to A. Â grandiflora (A. chinensis Â A. uniflora), which became the most commonly cultivated taxon of Abelia. The origin of A. Â grandiflora has been documented by André (1886) 'Seen in the M.M. Rovelli Brothers Nurseries in Pallanza (Lake Maggiore)'. Its morphology strongly suggests it is of hybrid origin between A. chinensis and A. uniflora. Active breeding of Abelia only started in 1950, >50 years after the discovery of the hybrid A. Â grandiflora. Abelia 'Francis Mason' was obtained in 1950 in the Mason nurseries, New Zealand. It is by far the most commonly grown cultivar of A. Â grandiflora and is distinguished by its yellow variegated leaves often reverting to all yellow or green. Further breeding in Abelia concentrated on obtaining dwarf plants with variegated leaves, more floriferous and with more fragrant flowers; often resulting in repeat hybridization and introgression with a relatively small pool of wild collected parents. More recent crosses used A. schumannii with A. chinensis and led to the creation of several possible backcrosses that are of interest in this study. Amongst them we can cite 'Saxon Gold' and 'Rose Creek'. The first backcross recorded nevertheless pre-dates this recent activity and is known as A. 'Edward Goucher' (A. chinensis Â uniflora Â schumannii). This is one of the most popular cultivars and it was obtained in 1911. See Supplementary Data Appendix S1 for a list of hybrids and cultivars with their breeding history.
This study aims at closing the knowledge gap that has been created by the scarcely documented horticultural breeding as well as the lack of studies on the variability of wild species. This knowledge gap is particularly acute in the A. uniflora species complexes where taxa are morphologically similar and difficult to distinguish (Barnes, 2001) . Abelia uniflora is the most enigmatic species in the genus Abelia; it was only briefly described (Wallich, 1829) and was the first taxon to be introduced into cultivation. It was illustrated in the Curtis Botanical Magazine (Hooker, 1853) and is likely to have been lost from cultivation after this date.
Our specific aims are to provide: (1) a morphological study of the variation within A. uniflora and A. chinensis species complexes; (2) a new nomenclature for Abelia considering this natural variation; (3) an exhaustive map of Abelia including the infraspecific taxa and an analysis of the distribution patterns; and (4) a comparison of the genetic signature of selective breeding and genetic differentiation in the previously defined taxa.
One approach for identifying hybrids uses incongruences between phylogenies based on plastid (maternally inherited) and nuclear inherited markers (Cronn et al., 2003; Clarkson et al., 2010) . This relies on the phylogenetic resolution of the studied markers being sufficient to distinguish taxa suspected to be involved in hybrid formation. This premise is often not met in plastid DNA regions which generally have low substitution rates (Wolfe et al., 1987) . A number of molecular markers, e.g. random amplified polymorphic DNA (RAPD; Williams et al., 1990) , amplified fragment length polymorphism (AFLP; Vos et al., 1995) , simple sequence repeats (SSRs; Zietkiewicz et al., 1994) and intersimple sequence repeats (ISSRs) have been widely used to detect genetic variation in closely related plants (Nybon and Bartish, 2000) . Various other ornamental plants have been used in DNA marker-based diversity studies using AFLP including Nelumbo (Hu et al., 2012) , Rosa (Koopman et al., 2008) and yellow Camellia (Tang et al., 2006) . AFLP was used in studies of two related Abelia genera, Diabelia in Zhejiang (Zhou et al., 2004) and Dipelta in Gansu (Liu et al., 2013) .
Most specimens of Abelia examined to date are diploid (Kim, 1998) and probably self-incompatible (Scobie and Wilcock, 2009 ); they do not vegetatively reproduce but are propagated clonally by cuttings in cultivation. Viable seed production is low and achenes are wind dispersed, though dispersal distances have not been studied. The simple breeding system avoiding self-pollination represents a good case for using DNA markers and AFLP; though incomplete lineage sorting is also to be taken into account.
MATERIALS AND METHODS

Sampling
A total of 55 samples, including for the first time the key taxon A. uniflora from Zhejiang, were collected in China, RBG Kew (UK) and also from the trial field experiment at RHS Wisley (UK) spanning the morphological and geographical variability within targeted species and taxa (Supplementary Data Appendix S2). Other key taxa include the rare A. forrestii endemic to a small area along the Nujiang valley, taxa of A. macrotera from contact zones with A. chinensis in Guizhou and Yunnan, and some recently obtained horticultural backcrosses such as 'Canyon Creek' and 'Saxon Gold'.
Abelia morphological study, mapping and nomenclature Morphological analysis was based on observations in China, RBG Kew and RHS Wisley, as well as published literature sources, including all of the Chinese regional Floras and herbarium specimens from 16 herbaria (A, BM, CAS, CDBI, E, GXMI, HENU, HIB, IBK, IBSC, K, KUN, LBG, P, PE and W: acronyms according to Holmgren et al., 1990) . A full revision of the genus will be published separately (Landrein and Farjon, 2017) . A total of 761 specimens were databased in Brahms (Department of Plant Sciences, University of Oxford, 2016), georeferenced to at least county level and maps were drawn using DIVA-GIS (Hijmans, et al., 2004; DIVA-GIS, version 2) . Morphological character variation between specimens could mostly be attributed to only two character states. Nomenclature was designed according to the International Code of Nomenclature for algae, fungi, and plants (McNeill et al., 2012) as well as the International Code of Nomenclature for Cultivated Plants (Brickell et al., 2009) . Species were tentatively defined using A. chinensis and A. macrotera as a reference, and the remaining taxa were scored accordingly, with a median score indicating a different species.
DNA extraction
Genomic DNA was extracted using a modified cetyltrimethylammonium bromide (CTAB) method (Doyle and Doyle, 1987) using 0Á2 g of silica-dried leaf tissue. A standard protocol was used to obtain purified DNA (Mikul a skov a et al., 2012).
Internal transcribed spacer (ITS) and chloroplast DNA (cpDNA) sequences Published and unpublished sequences (rbcL, trnL-F and matK) were gathered from two of our previous studies [Landrein et al. (2012) and Wang et al. (2015) ]; a new accession of A. uniflora was also produced for the study. The aim is to produce an improved phylogeny benefiting from a clarification of the names presented here as well as the inclusion of an unpublished sample from the type collection of A. uniflora, a key taxon for this study. Vesalea, Linnaea, Dipelta, Kolkwitzia and Diabelia were selected as outgroups based on previous data. Phylogenetic analyses were performed using PAUP* v4b10 (Swofford, 2002) for maximum parsimony (MP) analyses, and MrBayes 3Á2.2 (Ronquist and Huelsenbeck, 2003) for Bayesian inference (BI). The MP analyses used heuristic searches with 1000 random addition sequence replicates, tree bisection reconnection (TBR) branch swapping and MULTREES on. All character states were treated as unordered and equally weighted, with gaps treated as missing data. To evaluate the relative robustness of clades in the MP trees, a bootstrap analysis (Felsenstein, 1985) was performed with 1000 replicates using the same parameters as above except that a maximum of 100 trees were saved per replicate. All final runs were performed on the CIPRES Science Gateway (http://www. phylo.org/portal2/) (Miller et al., 2010) . MrModeltest 2Á3 (Nylander, 2004) was run for each of the data sets to determine the most appropriate substitution models using the Akaike criterion (Posada and Buckley, 2004) . A partitioned Bayesian analysis of the plastid data set was also implemented by applying the previously determined models to each data partition (Brown and Lemmon, 2007) . The ITS was found to be incongruent with the plastid analysis, and the two were not combined based on the previous studies of Landrein et al. (2012) and Wang et al. (2015) . For BI, 40 million generations were run with four chains, each starting with a random tree. Trees were sampled every 1000 generations, and posterior probabilities (PPs) were calculated from the majority consensus of all the sampled trees. All final runs were performed on the CIPRES Science Gateway (http://www.phylo.org/portal2/) (Miller et al., 2010) .
AFLP amplification and scoring
Reactions were performed following the protocol of Arrigo et al. (2010) . After performing a primer trial with 24 primers, three selective primer pairs were chosen (EcoRI-ACG/MseI-CTA; EcoRI-AAG/MseI-CAC and EcoRI-ACC/Mse1-CTG), with JOE-and NED-labelled EcoRI primers. PCR products were mixed with a Rox size standard ladder and analysed with an ABI 3730XL capillary sequencer. In order to detect and calculate the size of AFLP bands, raw electropherograms were analysed using Peakscanner (ABI) with default parameters except a light peak smoothing. A binary matrix of AFLP band presence (1) and absence (0) was built using the automated scoring RawGeno package (R CRAN; Arrigo et al., 2009 ) with the following parameters: scoring range, 50-400 bp; minimum intensity, 100 rfu; minimum bin width, 1 bp; maximum bin width, 1Á5 bp. Closely sized bins were eliminated. Principal coordinates analyses (PCoAs) were produced in RawGeno and the analysis with the highest variance explained on each axis as well as the most distinct groups was selected.
Individuals were randomly distributed in 96-well plates in order to produce a reliable AFLP data set. Fifty-three samples (representing 22 % of the final data set) were randomly chosen from each plate and replicated to calculate the error rate (Bonin et al., 2004) . Bands that were clearly not reproducible were discarded from further analysis. Population structure was analysed with STRUCTURE v.2.3.2.1 (Pritchard et al., 2000) using an admixture model. Bayesian estimates of genetic clustering probabilistically assigns individuals to populations defined by allele frequencies at multiple loci (Pritchard et al., 2000) . Parameters selected were: 5000 burn-in repetitions and 50000 Markov chain Monte Carlo (MCMC) simulations at four iterations.
Our A. uniflora extraction was unsuccessful with AFLP protocols, as this requires high molecular weight DNA, but this species was included in the DNA sequencing analyses.
To assess the best K from the STRUCTURE results, the data were analysed in CLUMPAK (a program for identifying clustering modes and packaging population structure inferences across K by N. M. Kopelman, J. Mayzel, M.Jakobsson,; N. A. Rosenberg amd I. Mayrose) according to the Evanno method (Evanno et al., 2005) .
RESULTS
Abelia morphological study, mapping and nomenclature (for nomenclature of taxa see Supplementary Data Appendix S3)
In this study we recognize ten variable morphological characters that are mostly binary. When assigning character to taxa, two clearly defined entities were identified: A. chinensis at one extreme and A. macrotera at the other, from which the sepal number is the easiest character to differentiate with two sepals for A. macrotera and five sepals for A. chinensis. Some characters were more variable and intermediate such as the sepal number in Abelia uniflora and A. Â grandiflora. Some character states were not correlated with others, as in A. forrestii and A. 'Saxon Gold' with five sepals instead of two, and may indicate cases of introgressed characters (Table 1 ; Figs 1 and 2; Supplementary Data Appendix S4).
Abelia uniflora and A. 3 grandiflora. A clear disjunction can be observed between A. uniflora in Anhui, Fujian, Jiangxi and Zhejiang with A. macrotera in Hubei and further west (Fig. 3) . Abelia uniflora differs from A. macrotera by its variable number of sepals, from two to four, infundibuliform-bilabiate white corolla, with faint markings on the lower lip and slightly exserted stamens; characters that can also be attributed to A. Â grandiflora. In A. Â grandiflora the morphological characters are intermediate between the two parents. Flowers are axillary or in small cymes, single and with four episepals similar to A. uniflora. The flowers are white, fragrant, infundibuliform-campanulate and slightly bilabiate; the stamens are slightly exserted and therefore intermediate between the two parents. The leaves are more similar to those of A. chinensis (Table 1; Figs 1 and 2). Abelia schumannii, A. 'Edward Goucher' and A. 'Maurice Foster'. Abelia schumannii is restricted to the deep valleys of the Qinghai-Tibetan plateau (Fig. 3) , and cannot be morphologically separated at a specific level from A. macrotera, only differing by its inflated corolla. Abelia 'Edward Goucher' has two sepals and one is often notched at the apex; the corolla is similar to A. schumannii but the style is often exserted and the leaves are glossy adaxially. In its morphology it is similar to A. uniflora except for the dark purple-pink corolla and glossy leaves. Abelia 'Maurice Foster' was collected in Sichuan probably around Luding; leaves are leathery, glossy adaxially and with prominent teeth on the margin and an acuminate apex. Flowers appear in short cymes or in clusters, with a purplishpink corolla that has an inflated mouth. It superficially resembles A. macrotera var. macrotera but the leaves are smaller and the corolla mouth is more inflated (Table 1; Figs 1 and 2) . The area where it was collected is covered by both A. macrotera var. zabelioides and A. schumannii, and many herbarium specimens from the same area have intermediate characters between the two taxa.
Abelia forrestii and A. 'Saxon Gold'. Abelia forrestii is the most localized species and is restricted along the Salween-Mekong divide [Nujiang River (Salween) for var. forrestii and the first bend of the Yangtze River for var. gracilenta] (Fig. 3) . With its five sepals, long tubular-infundibuliform corolla, white-pink corolla without markings and fragrant flowers, it is one of the most distinct taxa in the genus. Abelia 'Saxon Gold' is also one of the more unusual cultivars obtained, with its five sepals, biliabiate, purplish-pink corolla without markings, and yellow leaves (Table 1 ; Figs 1 and 2).
Abelia macrotera var. deutziaefolia, A. 'II6306' and A. chinensis var. lipoensis. A north-south distinction can be observed, with A. macrotera var. deutziaefolia occurring in Yunnan and Guangxi, which may also have been driven by the presence of A. chinensis in the same area (Fig. 3) . It has stems which are densely pubescent, its purple corollas have faint markings and have a short tube, the style is slightly exserted and the sepals are obtuse. Abelia 'II6306' is an experimental hybrid sent by Liss forest Nursery (UK); it resembles A. chinensis but its inflorescences are loose and corollas are bilabiate-infundibulform as in A. Â grandiflora. Abelia macrotera var. deutziaefolia and A. chinensis var. lipoensis both share a similar distribution range in southern Yunnan, Guizhou and Guangxi, where both species, A. macrotera and A. chinensis, grow sympatrically. Abelia 'II6306' and A. chinensis var. lipoensis show a similar loose inflorescence as well as other morphological characters associated with A. macrotera. Abelia macrotera var. deutziaefolia is on the other end of the spectrum, resembling A. macrotera with its two sepals but sharing a few similar morphological characters of A. chinensis such as the faint markings on the corolla and slightly exserted style (Figs 1 and 2 ; Appendix S4).
Abelia chinensis var. hanceana and A. 'Rose Creek'. Abelia chinensis is distributed in a wide area in eastern China as well as more isolated populations in Hubei and Sichuan. Abelia chinensis diversifies at the contact of A. macrotera and A. uniflora, with A. chinensis var. lipoensis in South Yunnan, Guangxi and Guizhou and A. chinensis var. hanceana in Xiamen, Taiwan and the Ryukyu Islands (Fig. 3) . Abelia chinensis var. hanceana is characterized by its smaller size and compact inflorescences. Its leaves have a crenate margin and resemble leaves of A. uniflora. Abelia 'Rose Creek' is a backcross A. Â grandiflora Â A. chinensis and resembles A. chinensis but it has more compact inflorescences (Figs 1 and 2 ; Appendix S4).
CpDNA-based phylogeny
For 24 taxa, the number of characters was 2232, of which 321 (14Á4 %) were variable and 168 (7Á5 %) were potentially parsimony informative. The number of characters contributed by each individual region was 604 from rbcL, 849 from trnL-F and 779 from matK. Details of each region are provided in Table 2 .
Abelia Â grandiflora, A. chinensis and A. macrotera var. deutziaefolia form a clade (BP 54/PP 0Á96, Fig. 4 ). Abelia Â grandiflora from Zhejiang is sister to A. Â grandiflora originating in Europe (BP 78/PP 1, Fig. 4) .Varieties of A. forrestii form a clade (BP 99, PP 1, Fig. 4 ), but there is no adequate resolution for the rest of the taxa in Abelia.
ITS
For 18 taxa, the number of characters was 637, of which 65 (10Á2 %) were variable and 40 (6Á2 %) were potentially parsimony informative. Details are provided in Table 2 . The monophyly of the genus Abelia is weakly supported (PP 0Á57, Supplementary Data Appendix S5), and A. uniflora forms a clade with A. Â grandiflora (BP 91/PP 1, Appendix S5). Abelia schumannii and A. macrotera form a separate clade (BP 78/PP 1, Appendix S5).
AFLP
Replicate samples indicated high reproducibility of the AFLP data, with the error rate being 0Á0 %. Altogether, 488 AFLP markers were scored; 300 (61 %) of these markers were polymorphic. Details of each AFLP primer combination are provided in Table 3. A PCoA (Fig. 5 ) revealed four clusters (A. uniflora not included in this analysis) that correspond to individuals of (1) A. chinensis and backcrosses; (2) A. macrotera; (3) A. schumannii, A. macrotera Â schumannii 'Maurice Foster', A. 'Saxon Gold' and A. 'Edward Goucher'; and (4) A. Â grandiflora and A. forrestii. Abelia forrestii is sister to A. macrotera and A. schumannii but clusters with A. Â grandiflora in the PCoA. Within A. Â grandiflora genetic variability was low, and three groups can be identified: (1) A. Â grandiflora 'Sherwood'; (2) A. Â grandiflora 'Francis Mason'; and (3) A. Â grandiflora 'Little Richard'.
Dwarf, variegated plants can be found in all three groups. 'Sherwood'-like flowers with basal spurs and dark leathery leaves can also be found in two groups 'Sherwood' and 'Little Richard'.
The results generated by STRUCTURE give some indication on the origin of A. Â grandiflora and admixture of alleles (Fig. 6) . The analysis provided strongest support for K ¼ 2 when considering DK and K ¼ 4 when considering LnP(Pr data). We identified a sub-structure at K ¼ 5 in which populations appeared homogeneous in their admixture composition. Higher values of K split the data set into too many groups that are biologically meaningless. Cultivated taxa with fully traceable breeding histories such as A. 'Edward Goucher' (A. Â grandiflora Â schumannii) were also used to verify the best K. Pritchard et al. (2010) gave some guidance which was relevant to our estimation of K 'Estimating admixture proportions can be particularly challenging if there are very few representatives of the parental populations. In those cases, there may not be a natural answer to what is the "correct" value of K. Perhaps for this kind of reason, it is not infrequent that in real data the value of our model choice criterion continues to increase with increasing K. Then it usually makes sense to focus on values of K that capture most of the structure in the data and that seem biologically sensible'. The five populations identified are ( Fig. 6): (1) Abelia macrotera; (2) Abelia schumannii; (3) Abelia forrestii; (4) Abelia chinensis; and (5) Abelia Â grandiflora.
Admixture was identified in A. macrotera Â schumannii 'Maurice Foster', wild collected in Sichuan, at a contact zone between the two taxa. Admixture is also shown with A. 'Edward Goucher' as known from the breeding records, as well as in A. 'Saxon Gold' with A. schumannii, which had not been recorded previously. Backcrosses with A. chinensis ('Canyon Creek'; 'Pleasant surprise'; and 'Rose Creek') also show admixture with A. chinensis as informed by the breeding records and the results shown here. No admixture was identified for A. Â grandiflora.
DISCUSSION
Abelia is a typical genus of the Sino-Japanese Floristic Region (SJFR) . The Qinghai-Tibetan plateau is the highest and largest plateau in the world and is regarded as a biodiversity hotspot where deep valleys have allowed for many species to occur sympatrically; however, hybridization and introgression are common problems for species delimitation (Xu et al., 2010; Liu et al., 2013) .
Hybridization in sympatric zones and backcrosses with different parents: Abelia schumannii Abelia 'Maurice Foster' admixture was identified in STRUCTURE between A. macrotera and A. schumannii (Fig. 6) . We can infer that hybridization, in sympatric regions of Sichuan, is common between taxa (Fig. 3) . The AFLP study revealed that Abelia schumannii is a distinct species (Figs 5 and 6), which was unexpected because the morphology is similar to that of A. macrotera. Its wide tube abruptly flaring to the corolla mouth is one of the most striking characters and probably linked to a specialized pollination syndrome in the deep valleys of the Qinghai-Tibetan plateau. Many genera and species have also been reported to have evolved along an expansion from the south-eastern plateau onto the eastern Qinghai-Tibetan plateau (Yang et al., 2008) . Abelia 'Edward Goucher (A. chinensis Â uniflora Â schumannii) is identified as a hybrid in the AFLP study with admixture from A. schumannii and A. Â grandiflora (Fig. 5) . Backcrosses with closely related taxa such as A. uniflora, A. macrotera and A. schumannii create a similar effect to introgression but have a different morphological signature (Figs  1 and 2 ; Appendix S4). In the STRUCTURE analysis, A. 'Saxon Gold' shows an admixture between A. Â grandiflora and A. schumannii, indicating a backcrossed origin (Fig. 6) . In the same analysis, one individual of A. forrestii shows a small admixture with A. macrotera. It seems that the two taxa have a similar origin. Isolation of A. forrestii within the deep valleys of the Nu-Jiang (Salween) and Yangtze Rivers allowed for limited introgression followed by allopatric speciation conferring its more specialized long tubular corolla that may have coevolved with a specific pollinator (Landrein and Prenner, 2016) . Their morphological signatures are similar, both having five sepals and more tubular flowers; characters that have infiltrated from hybridization and introgression between A. macrotera, A. schumannii and A. chinensis (Table 1 ; Figs 1 and 2). Examples of similar speciation events in different families were cited in Li et al. (2011) , and the hypothesis put forward was glaciation survival east and west of the Mekong-Salween divide. Glaciation could explain how A. forrestii became isolated. Repeat hybridization and introgression tends to blur the limits between hybrids and parents, and can only be detected when it is limited.
Hybridization and introgression between Abelia chinensis, Abelia macrotera and Abelia uniflora
The ITS sequence analysis shows that A. uniflora forms a clade with A. Â grandiflora (BP 91/PP 1, Appendix S5), but the position of A. grandiflora is unresolved alongside A. macrotera and A. chinensis in the cpDNA analysis (Fig. 4) . This is an indication of the hybrid origin of cultivated A. Â grandiflora involving A. uniflora as one progenitor but the other progenitor is not identified definitively. It may be A. chinensis as stated in the literature or A. macrotera as indicated (albeit weakly) in the phylogenetic analysis, or even a hybrid individual between the two (A. chinensis and A. macrotera) as the other progenitor.
The AFLP study fails to resolve this issue because it does not indicate any admixture in A. Â grandiflora (Fig. 6) ; this suggests that A. uniflora, which was not sampled in the AFLP study, is probably the paternal parent. A lack of signal indicating the hybrid origin of A. Â grandifolia, in the STRUCTURE analysis, is intriguing given the phylogenetic evidence, but the involvement of A. uniflora will need to be determined conclusively in subsequent genetic studies. This study highlights the genetic distinction between A. uniflora and A. macrotera, two taxa that are often difficult to identify based on their morphology alone (Table 1 ; Figs 1 and 2 ), but a disjunct in their distribution exists (Fig. 3) . West-east China disjunctions were also described in different genera and species, and some were hypothesized as allopatric incipient speciation (Qiu et al., 2009a) . The identity and origin of A. Â grandiflora, a hybrid between A. chinensis and A. uniflora, is weakly supported, and A. uniflora shows evidence of allopatric speciation due to hybridization and introgression between A. macrotera and A. chinensis (Table 1 ; Figs 1-3; Appendix S5).
Chloroplast capture: Abelia macrotera var. deutziaefolia Organellar DNAs (i.e. cpDNA and mitochondrial DNA) can be used for tracing the long-term effects of hybridization in natural populations. Because their inheritance is uniparental, groups of associated loci are not separated by recombination, so that a great deal of historical information is preserved in these sequences (Whittemore and Schaal, 1991 1·00  0·80  0·60  0·40  0·20  0  1·00  0·80  0·60  0·40  0·20  0  1·00  0·80  0·60  0·40 tree of Abelia based on the combined rbcL, trnL-F and matK sequence data (Fig. 4) , A. Â grandiflora, A. chinensis and A. macrotera var. deutziaefolia form a polytomy (BP 54/PP 0Á96). Hybridization followed by introgression and chloroplast capture between A. chinensis and A. macrotera can therefore be hypothezised. This is further supported by examples from different plant families also occurring in the same areas where genetic differentiation among isolated populations and localized range expansion, possibly during interglacial periods, were hypothesized (Tian et al., 2010) . In the STRUCTURE analysis, A. 'II6306' shows admixture between A. Â grandiflora and A. chinensis, indicating a backcrossed origin (Fig. 6) . Abelia chinensis var. lipoensis is a taxon that was not included in the genetic study but shows a morphological signature corresponding to an introgression between A. macrotera and A. chinensis (Figs 1 and 2 ; Appendix S4).
Hybridization backcrossing-driven speciation
We have highlighted the diversity of the genus and clarified the status of some of the most controversial names. The confusion between names is probably due to the complex evolutionary histories between taxa, the principal forces being hybridization and introgression. Breeding in horticulture has merely reproduced natural processes that occur in longer time scales and has been blurred by introgression. Character infiltration due to backcrossing is well known to horticulturists and is one of their major aims; this phenomenon also provides an evolutionary advantage that leads to novel adaptations and cryptic taxa. Some of the infiltrated characters are identified here.
Abelia 'Edward Goucher' has a similar origin to A. 'Saxon Gold' but exhibits very different characters, only having two sepals, a bilabiate purplish-pink corolla with strong markings and an exserted style. This demonstrates that recombination during hybridization is random and can produce new combinations of genes which in turn can increase the morphological diversity and result in novel characters belonging to different species. Sepal number, corolla shape and inflorescence structure are amongst these easily identifiable characters in Abelia that could be transferred between taxa. The establishment of new intraspecific taxa is a frequent outcome of introgression; backcrossing to one or both parents leads to the infiltration of specific genes from one species to another. Such interspecific gene flow, known as introgression, results in the production of offspring that are clearly referable to one of the parent species, but that possess certain characters inherited from the second species. Sometimes these products may become stabilized and develop into a new intraspecific taxon or cryptic species (Abbott, 1992) .
Several cryptic taxa are here identified (Table 4) : (1) Abelia chinensis backcrosses: A. chinensis var. hanceana (possibly with A. uniflora) and var. lipoensis (possibly with A. macrotera var. macrotera)/Abelia 'Rose Creek', Abelia 'II6306'; and (2) Abelia macrotera backcrosses: A. macrotera var. deutziaefolia (with A. chinensis), A. uniflora (with A. macrotera and chinensis), A. forrestii/Abelia 'Edward Goucher' and Abelia 'Saxon Gold'.
Backcrossing does not necessarily occur exclusively between two taxa and can involve many taxa belonging to the same complex such as the A. uniflora species complex and A. chinensis. This is less likely in the wild because it requires taxa to be growing sympatrically.
CONCLUSIONS 'It appears to be necessary to accept that some taxa are highly variable in the wild and that, consequently, some names in common use in the West merely represent points in a continuous spectrum of variation of what is better regarded as a single species' (Barnes, 2001) . Our aim was to bridge the gap between horticulturalists and the botanical community in order to understand the genetic diversity within Abelia and where to concentrate efforts into conserving and exploiting the benefits offered by ornamental plants. A clearer view of the taxonomy, speciation mechanisms and morphology is presented here and highlights the importance of hybridization and backcrossing in breeding programmes and also in natural speciation. It is not surprising that with these types of complex and multidirectional processes, taxa of Abelia are often difficult to identify and the Interpretation is based on the genetics as well as the morphological analyses. Taxa displayed on the left are similar to A. macrotera; taxa displayed on the right are similar to A. chinensis; taxa displayed in the middle are similar to A. Â grandiflora (A. chinensis Â uniflora); and taxa in between are similar to backcrosses with each parent on either side. species boundaries are blurred. The knowledge of the genetic diversity and genetic relatedness within Abelia is potentially useful to improve the current strategies in breeding and germplasm conservation to enhance the ornamental and economic value of the genus. An understanding of both the genetic diversity and the population structure of Abelia in China can also provide insight into the conservation and management of some endangered taxa.
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